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EXECUTIVE  SUMMARY 


AIRCRAFT  CRASH  SURVIVABILITY 

Aircraft  crashes  are  generally  categorized  as  minor,  sur- 
vivable,  or  unsurvivable.  The  aircraft  is  normally  not  damaged 
substantially  in  a  minor  accident  and  few  serious  injuries  occur. 

The  survivable  accident  is  an  accident  in  which  the  impact 
forces  are  sufficient  to  substantially  damage  and  perhaps  even  de¬ 
stroy  the  aircraft,  but  the  loadings  which  the  occupants  experi¬ 
ence  are  within  human  tolerance  limits  and  a  protective  shell  is 
maintained  around  the  occupants.  The  lower  limit  usually  placed 
on  the  survivable  accident  category  is  that  at  least  one  of  the 
occupants  receives  major  injuries.  Survivable  accidents  are  of 
major  interest  because  the  severity  of  these  accidents  approach¬ 
es  the  capability  of  the  aircraft  to  provide  occupant  protection. 
The  many  fatalities  and  serious  injuries  occurring  in  these 
accidents  could  be  avoided  by  use  of  adequate  restraint  and 
seating  systems  and  by  reducing  the  potential  hazards  inside 
the  aircraft.  Further  study  of  these  crashes  provides  evidence 
of  the  weak  points  and  crush  characteristics  of  the  airframe  and 
subcomponents,  thus  providing  the  knowledge  whereby  crashworthi¬ 
ness  can  be  improved  and  survivability  limits  can  be  raised. 

The  unsurvivable  accident  is  of  minor  interest  in  crash- 
worthiness  research  because,  even  though  the  actual  failure 
modes  are  sometimes  quite  apparent,  the  loads  are  too  severe  for 
the  human  body  to  withstand,  or  the  loads  are  so  high  that  the 
aircraft  structural  strength  is  not  sufficient  to  maintain  a 
liveable  volume  for  the  occupant.  The  primary  purposes  of  crash- 
worthiness  research  are  to  raise  both  the  upper  and  lower  limits 
of  the  survivable  accident  category  and  to  minimize  injuries 
within  this  category. 


RESULTS  OF  THE  STUDY 


Results  of  this  study  indicate  that  helicopters  provide  the 
greatest  potential  for  improvement  in  crash  survival  among  cur¬ 
rent  Naval  aircraft.  The  primary  reason  for  this  finding  is 
that  more  people  are  involved  in  helicopter  crashes  due  to  a 
lack  of  airborne  escape  systems  which  other  aircraft  possess, 
particularly  high-performance  jets.  Of  2,081  occupants  involved 
in  the  crashes  studied  (those  crashes  occurring  since  January 
1969  in  which  the  aircraft  received  substantial  damage  with 
occupants  aboard) ,  1,039  were  aboard  helicopters,  597  were  in 
propeller-driven  aircraft,  and  445  occupied  high-performance  jet 
aircraft.  A  total  of  273  occupants  received  non-fatal  injuries 
in  the  helicopter  accidents  compared  to  23  in  jets  and  68  in 
propeller-driven  aircraft.  The  most  important  fact  is  that  66 
were  killed  in  survivable  helicopter  accidents  compared  to  4 
deaths  which  occurred  in  survivable  jet  aircraft  accidents  and 
36  fatalities  in  survivable  non- jet  fixed-wing  aircraft  crashes. 

INJURY  PATTERNS 

Injury  patterns  were  developed  from  injuries  which  occurred 
in  the  surveyed  accidents  .  The  resulting  patterns  indicate  the 
highest  injury  incidences  to  leg,  head,  and  arm  body  areas. 

Throe- fourths  of  all  injuries  sustained  in  Naval  helicopters 
occur  to  these  body  portions.  Leg  injuries  are  the  most  fre¬ 
quent  (28.7  percent) .  This  is  an  indication  that  much  more  at¬ 
tention  should  be  paid  to  the  design  of  rudder  pedals  and  padding 
of  the  area  occupied  by  the  legs  Sharp  and  rigid  lower  edges 
of  the  instrument  panel  also  cause  many  pilot  leg  injuries.  In 
an  interview  with  crash  survivors,  a  pilot  stated  that  the  com¬ 
pound  leg  fractures  he  sustained  were  the  result  of  the  electron¬ 
ics  compartment  in  the  nose  of  his  SH-3A  rolling  up  and  trapping 
his  legs  upon  impact. 

Head  injuries  account  for  26.7  percent  of  all  injuries  in 
helicopter  accidents,  and  in  one  severe  Naval  transport  accident 
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77  percent  of  the  31  occupants  received  head  injuries.  These 
statistics  indicate  a  need  for  improvement  of  the  restraint 
systems,  especially  shoulder  harnesses  and  helmets  that  are 
now  in  use. 

Along  with  improvement  of  these  systems,  special  care  is 
necessary  to  design  systems  that  are  easy  to  use  and  comfortable. 
This  was  emphatically  highlighted  in  an  interview  with  a  jet 
fighter  pilot  who  stated  that  he  would  rather  wear  a  cloth  hel¬ 
met  than  his  current  helmet  because  its  bulkiness  and  weight  puts 
a  tremendous  load  on  the  head  and  neck  in  violent  maneuvers.  An 
8-pound  helmet,  for  example,  weighs  48  pounds  in  a  6G  pullout 
from  a  dive. 

The  Navy  injury  patterns  were  compared  with  injury  patterns 
developed  for  Army  and  Air  Force  aircraft  accidents  as  well  as 
Civil  aviation  injury  patterns;  the  general  trends  were  the  same. 

FATALITY  CAUSES 

Post-crash  survival  problems  accounted  for  over  95  percent 
of  the  fatalities  that  occurred  in  water  impacts  of  Navy  heli¬ 
copters  in  the  survey  period.  Of  42  fatalities  in  these  acci¬ 
dents,  23  drowned,  16  were  lost  at  sea,  1  was  caused  by  fire, 
and  only  2  were  directly  attributed  to  impact  trauma.  Survivors 
of  helicopter  water  impacts  related  a  mu'  -  :be  of  problems  they 
encountered  which  no  doubt  contributed  to  these  statistics.  A 
big  factor  is  the  tendency  of  helicopters  to  roll  in  water  as 
soon  as  the  rotor  is  stopped.  This  is  because  of  the  high  center 
of  gravity  caused  by  heavy  masses  (engines,  transmissions,  etc.) 
in  the  upper  portions  of  these  aircraft.  After  the  helicopter 
rolls,  reduced  visibility  makes  it  ditiicult  to  find  the  escape 
hatches.  Water  or  impact  actuated  cabin  lights  were  suggested. 
One  survivor  complained  that  the  soundproofing  pads  unsnap  in 
severe  impacts  and  entrap  survivors.  A  locking  snap  could  be 
used  to  alleviate  this  problem.  Egress  difficulty  is  also 
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encountered  in  a  partially  water  filled  and  inverted  cockpit. 
Diving  to  exit  submerged  escape  hatches,  difficult  in  the  con¬ 
fined  space  of  a  cockpit,  is  further  complicated  by  the  bulki- 
ness  and  bouyancy  of  present  life  vests  even  before  they  have 
been  inflated.  Escape  hatches  in  the  bottom  of  the  aircraft 
may  be  necessary.  . 

;  V 

i 
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In  land  helicopter  impacts  during  the  survey  period,!  there 
were  72  fatalities  directly  attributed  to  impact  forces,  16  of 
them  in  survivable  accidents.  Fire  is  the  most  dangerous  post¬ 
crash  survival  factor  in  land  impacts;  29  fatalities  were  caused 
by  fire.  More  crushable  structure  to  decrease  inpact  loads  ex¬ 
erted  on  occupants  and  components,  energy-absorbing  seats,  and 
crashworthy  fuel  systems  are  means  of  lessening  these  problems. 

Three  persons  were  killed  b^  rotor  blade  strikes  in  the 

land  helicopter  accidents.  This  seems  to  be  a  lower  incidence 

than  indicated  by  Army  accident  experience  in  which  US AAR 

found  rotor  blade  penetration  occurs  in  1  of  8  accidents  and 

transmission  penetration  into  occupiable  volume  occurs  in  1  of  4 

accidents.  Interviews . with  survivors  of  Naval  helicopter  acci- 
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dents  indicated  intrusion  of  transmission  into  occupiable  space 
was  fairly  rare  although  some  noted  minor  displacement.  Trans¬ 
mission  displacement  and  rotor  blade  strikes  are  much  less  fre¬ 
quent  in  helicopters  procured  to  the  more  stringent  Navy  speci¬ 
fications  . 

IMPACT  VELOCITY  ESTIMATES 

Impact  velocity  estimates  may  be  used  tc  determine  the  amount 
of  kinetic  energy  that  aircraft  structure  is  required  to  absorb 
in  an  ?icciaent.  if  the  stopping  distance  is  also  known,  G  load¬ 
ings  that  the  occupants  must  withstand  may  be  calculated.  Un¬ 
fortunately,  this  type  of  information  is  not  generally  contained 
in  present  Navy  accident  reports,  and  the  report  form  should  be 
changed  to  request  the  specific  information  desired. 


Information  that  could  be  gleaned  from  the  narratives  was 
used  to  estimate  the  longitudinal  and  vertical  impact  velocities 
for  severe  but  survivable  accidents  in  the  survey  period.  Cumu¬ 
lative  frequency  curves  for  impact  velocities  were  constructed 
for  both  land  and  water  helicopter  impacts.  As  expected,  much 
higher  longitudinal  velocities  were  survivable  in  water  impacts 
than  in  land  impacts.  The  median  impact  velocities  were  22  and 
38  ft/sec  respectively  for  land  and  water  impacts.  The  differ¬ 
ences  were  not  as  marked  for  vertical  velocities,  with  22  ft/sec 
in  water  and  19  ft/sec  on  land  being  the  median  values.  For 
comparison,  the  Army  Crash  Survival  Design  Guide  shows  28  ft/sec 
for  longitudinal  and  24  ft/sec  for  vertical  impact  velocities 
as  the  median  values  for  survivable  accidents  in  helicopters  and 
light  fixed-wing  aircraft.  The  Design  Guide  does  not  differen¬ 
tiate  between  land  and  water  impacts. 

Curves  were  also  constructed  on  which  combined  impact  velo¬ 
cities  for  the  survivable  helicopter  accidents  were  plotted  for 
land  and  water  impacts.  Superimposed  upon  the  curves  were  regions 
designated  as  survivable,  marginally  survivable,  and  unsurvivable 
taken  from  the  Army  Design  Guide.  A  significant  fact  emerged 
r^crn  thi  i  process  -  several  of  the  H-46  arid  H-53  accidents  fell 
in  the  range  previously  considered  unsurvivable.  Thus,  it  is 
recommended  that  designers  take  note  of  the  fact  that  the  newer 
aircraft  procured  to  more  stringent  specifications  are  raising 
the  upper  limit  of  the  survivable  accident.  It  seems  reasonable 
that  more  demanding  structural  requirements  would  raise  this  limit 
even  more. 

For  survivable  fixed-wing  aircraft  accidents,  the  longitudi¬ 
nal  impact  velocities  are  much  higher,  and  the  vertical  impact 
velocities  are  lower  than  in  helicopters  as  would  be  expected. 

This  is  the  reason  that  long  crushable  noses  have  be^r.  recommend¬ 
ed  in  the  past  m  addition  to  keeping  the  occupants  behind  heavy 
masses  such  as  the  engines.  A  good  example  of  the  consequences 
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of  not  doing  this  is  container  j.n  the  report  in  a  photograph  of 
a  crashed  OV-IOA.  The  OV-IOA  has  a  high  wing  frczn  which  are 
suspended  the  occupant  cabin  and  twin  engines.  However,  the 
occupants  are  well  forward  of  the  engines  with  virtually  no 
crushable  material  in  front  of  them.  The  picture  shows  the  re¬ 
mains  of  the  aircraft  with  the  wing  still  intact  and  the  occupant 
cabin  completely  crushed. 

IMPACT  TERRAIN  EFFECTS 

Death  rates  per  major  accident  were  calculated  for  the  vari¬ 
ous  types  of  aircraft  surveyed.  Within  each  category  of  aircraft, 
the  death  rates  for  both  flight  decks  and  runways  were  the  lowest. 
The  death  rates  were  highest  for  water  impacts  of  attack,  fighter, 
and  cargo  aircraft.  For  helicopters,  the  highest  death  rates 
occurred  in  tree  impacts.  The  reasons  for  low  death  rates  on 
flight  decks  and  runways  are  that  most  of  these  accidents  are 
takeoff  and  landing  accidents  at  lower  speeds  with  rescue  crews 
and  emergency  medical  treatment  in  close  proximity.  Indications 
are  that  many  of  the  water  impacts  in  fixed-wing  aircraft  occur 
at  cruising  speed  or  greater  due  to  pilot  disorientation.  The 
high  death  rates  for  helicopter  tree  impacts  were  surprising  be¬ 
cause  of  an  apparent  conflict  with  a  technique  suggested  for  Army 
use.  An  Army  writer  suggests  that,  when  a  crash  becomes  inevi¬ 
table,  a  pilot  should  attempt  to  settle  into  trees,  using  than  as 
an  energy  absorber. 

In  one  severe  EC-121M  accident  on  land  only  8  of  the  31 
occupants  survived  the  crash.  These  survivors  were  all  in  aft 
facing  seats  in  central  and  rear  portions  of  the  aircraft.  In  a 
crash,  the  aft  facing  seat  is  most  desirable  because  the  impact 
loadings  are  spread  over  the  entire  body  and  restraint  is  really 
only  necessary  to  keep  the  occupant  in  the  seat  and  prevent  him 
from  rebounding. 


EXISTING  AIRCRAFT  WEAKNESSES 


Interviews  with  survivors,  witnesses,  and  investigators  of 
Naval  aircraft  accidents  also  brought  out  certain  specific 
weaknesses  in  existing  aircraft.  These  include: 

•  Seat  retention  is  not  adequate  in  H-l  and  H-3  helicop¬ 
ters  in  accidents  in  which  there  is  a  fairly  large 
longitudinal  impact  velocity  component. 


•  The  crew  jump  seats  in  the  H-2  could  cause  severe  spinal 
damage  should  the  fabric  fail  on  vertical  impact  because 
of  the  solid  brace  underneath. 


•  Cargo  retention  is  inadequate  in  helicopters  and  some 
helicopter  occupants  are  being  trapped  and  crushed  by 
shifting  cargo  in  accidents. 


•  Lateral  strength  of  the  cockpit  in  the  T-28  trainer  is 
inadequate.  A  suggested  retrofit  method  of  strengthen¬ 
ing  it  is  to  insert  a  cross  brace  between  the  front  and 
rear  seats.  One  witness  related  an  accident  in  which 
the  cockpit  narrowed  6  inches  in  a  hard  landing. 

CONCLUDING  REMARKS 

Two  major  benefits  can  be-  realized  from  research  of  the  type 
reported  herein.  The  first  is  the  determination  of  design 
criteria  for  future  aircraft,  and  the  second  is  determination  of 
needed  retrofits  for  existing  aircraft.  Aircraft  designers  need 
to  know  how  much  energy  their  aircraft  may  be  required  to  absorb 
in  a  crash  situation  in  order  to  limit  the  loads  on  the  occupants. 
A  basi3  for  the  determination  of  this  energy  is  the  upper  limit 
of  impact  variables  for  present  survivable  accidents.  To  this 
end,  cumulative  frequency  curves  were  constructed  for  impact 
velocities  in  present  Naval  aircr?ft.  Although  the  velocities 
estimated  from  narrative  information  in  present  accident  reports 
were  comparable  to  existing  data  in  the  Crash  Survival  Design 
Guide,  it  is  felt  that  better  estimates  could  be  made  by  on-cne- 
scene  accident  investigators  if  there  were  specific  requests 
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for  the  needed  information.  In  the  present  study  it  was  not 
possible  to  determine  the  decelerative  loadings  experienced  by 
the  occupants  of  the  crashes  because  information  concerning 
gouge  and  skid  patterns  and  structural  deformations  of  the  air¬ 
craft  was  not  available.  Thus,  it  is  recommended  that  the  acci¬ 
dent  report  form  used  by  the  Navy  be  modified  to  gather  the  data 
necessary  to  establish  crash  loads  for  future  use. 

The  fact  that  95  percent  of  the  fatalities  which  occurred 
in  water  impacts  of  helicopters  were  due  not  to  impact  forces 
above  human  tolerance  as  might  be  expected  but  rather  were  due 
to  post-crash  survival  problems  indicates  the  tremendous  need  for 
temporary  flotation  and  anti-roll  stability  provisions  for  these 
aircraft.  It  also  indicates  the  need  for  a  critical  look  at  the 
aircraft  to  determine  the  things  which  cause  minor  injuries  (not 
dangerous  to  life  in  themselves)  which  slow  the  egress  of  the 
occupants  and  cause  their  death  by  drowning. 

The  fact  that  one-fourth  of  the  fatalities  which  occur  in 
survivable  helicopter  accidents  are  thermally  caused  indicates 
that  all  present  helicopters  that  are  not  equipped  with  crash¬ 
worthy  fuel  systems  should  be  retrofitted.  In  accidents  where 
fire  occurs,  as  well  as  in  the  water  impacts,  the  need  to  keep 
the  occupants  physically  able  to  accomplish  a  rapid  escape  is  of 
the  utmost  inportance.  This  will  require  that  present  day  air¬ 
craft  be  equipped  with  state -of- the-art  seating  and  restraint 
systems.  It  will  also  require  a  study  of  component  locations  and 
mountings  to  determine  injury  potential.  Minimization  of  major 
and  minor  injury  in  present  survivable  accidents  will  aid  greatly 
in  keeping  the  emergency  preparedness  of  Naval  aviation  at  a  high 
level . 

Finally,  the  study  has  shown  that  significant  numbers  of 
Naval  personnel  are  being  injured  and  lost  in  survivable  crashes 
and  if.  crashes  which  are  near  the  upper  limit  of  survivability. 
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Since  a  very  large  percentage  of  tnese  casualties  could  be 
eliminated  by  improvement  in  the  crashworthiness  of  these  air¬ 
craft,  results  of  the  study  emphasize  the  urgency  of  continued 
effort  by  the  Navy  in  this  area. 
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INTRODUCTION 


Until  recently,  the  emphasis  in  aircraft  accident  investiga¬ 
tions  has  been  placed  on  finding  causes  in  attempts  to  prevent 
similar  occurrences.  Military  and  civil  aviation  have  benefitted 
greatly  from  this  effort.  However,  accidents  will  probably  never 
be  completely  eliminated  and,  for  this  reason,  efforts  spent  on 
inproving  the  crashworthiness  of  aircraft  and  the  survivability 
of  aircraft  crashes  are  easily  justified. 

The  survivability /crashworthiness  of  aircraft  crashes  can  be 
improved  by  appropriate  structural  modifications.  The  most  fea 
sible  method  of  determining  appropriate  structural  modifications 
is  through  study  of  past  crashes  to  evaluate  structural  perfor¬ 
mance  and  determine  probable  impact  speeds  and  attitudes,  injury 
patterns,  and  the  typical  crash  environment  (water,  hard  ground, 
mud,  runway,  mountains,  etc.).  The  U.  S.  Army  began  a  long  range 
program  to  study  aircraft  safety  and  survivability  characteris¬ 
tics  in  1960.  The  results  of  many  individual  crashworthiness  im¬ 
provement  programs  were  integrated  into  the  Crash  Survival  Design 
Guide  which  provides  valuable  information  and  guidance  for  use 
by  designers  involved  in  designing  aircraft  for  survivability. 

The  information  contained  in  the  Design  Guide  applies  in 
general  to  all  aviation,  but  specific  information  is  necessary 
to  solve  specific  problems.  For  example,  the  aircraft  carrier 
environment  is  almost  totally  a  Navy  problem  and  the  incidence 
of  water  impacts  is  much  more  frequent  for  Naval  aircraft  than 
for  other  military  aircraft.  For  these  reasons,  it  was  deemed 
appropriate  that  the  present  program  be  conducted  to  obtain  "A 
Survey  of  Naval  Aircraft  Crash  Environments  With  Emphasis  on 
Structural  Response" . 


♦Superscript  numbers  denote  references  which  are  listed  on  page  66 


The  purpose  of  the  present  program  was  to  conduct  research 
in  survival  aspects  of  Naval  aircraft  crashes  in  order  to 
identify  areas  for  needed  improvement  in  structural  design.  The 
results  of  the  research  are  presented  in  this  report  as: 

•  Approach  to  the  Problem 

•  Generated  Data  Base 

•  Analysis  and  Discussion 

•  Conclusions 

•  Recommendations 
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APPROACH  TO  THE  PROBLEM 

The  data  base  generated  for  analytical  purposes  in  this  pro¬ 
gram  was  based  on  a  combination  of  published  literature,  docu¬ 
mented  Naval  aircraft  crash  data,  and  firsthand  information  ob¬ 
tained  through  interviews  with  Naval  personnel  and  inspection  of 
aircraft  at  Naval  facilities.  The  content  of  the  data  base  is 
discussed  in  the  next  section.  The  approach  used  to  establish 
the  data  base  and  the  methods  of  analysis  are  discussed  herein. 

The  Defense  Documentation  Center  was  requested  to  compile 
a  report  bibliography  and  work  unit  summaries.  When  these  were 
received,  documents  pertinent  to  the  study  were  ordered  and  re¬ 
viewed  for  pertinent  information.  The  numerous  reports  gener¬ 
ated  by  Dynamic  Science  on  structural  crashworthiness  and  crash 
injury  research  provided  a  valuable  source  of  information  for 
the  study. 

Documented  crash  data  were  obtained  fran  the  computerized 
data  bank  maintained  at  the  Naval  Safety  Center  in  Norfolk,  Vir¬ 
ginia.  The  data  search  was  limited  to  major  accidents  with  occu¬ 
pants  aboard  during  the  impact.  The  type  of  information  printed 
for  each  accident  report  was:  date,  time,  location,  aircraft 
model,  extent  of  damage,  mishap  causes,  mishap  type,  phase  of 
operations,  degree  of  injuries  to  occupants,  and  a  short  narra¬ 
tive  which  rarely  contained  specific  information  relative  to 
crash  dynamics.  In  a  few  cases,  the  reports  did  provide  limited 
information  on  altitude,  speed,  and  maneuvers  attenuated  or  com¬ 
pleted  when  the  emergency  occurred.  Medical  reports  for  all 
occupants  of  the  selected  accidents  were  also  extracted  from  the 
data  bank.  Data  available  in  the  medical  reports,  besides  the 
injuries  sustained  by  the  occupant,  were  the  causes  of  the  injury, 
duty  function  of  the  occupant,  location  of  the  occupant  in  the 
aircraft,  method  of  escape  (if  any) ,  the  type  of  impact  terrain, 
and  a  short  narrative. 


3 


Firsthand  data  were  obtained  from  interviews  with  Naval 
personnel  during  visits  to  several  Naval  facilities.  .  Safety 
officers/  accident  investigators,  accident  survivors  and  wit¬ 
nesses,  crash  damage  estimators,  etc.,  were  interviewed  in  an 
attempt  to  acquire  all  available  data  including  information 
that  was  not  available  in  the  accident  reports  such  as  specifics 
on  crash  dynamics,  amounts  of  deformation,  seat  retention,  trans¬ 
mission  displacement,  and  any  structural  inadequacies  or  survival 
problems.  The  salvage  yard  at  NARF  (Naval  Air  Rework  Facility) , 
North  Island,  California,  was  visited  for  a  firsthand  look  at 
crash-damaged  aircraft.  Photographs  were  obtained  of  some  of 
the  damaged  aircraft  and  are  used  to  illustrate  specific  points 
in  this  report. 

Analyses  were  performed  mainly  on  the  documented  data  ob¬ 
tained  from  the  Naval  Safety  Center.  The  analogous  U.  S.  Army 
facility,  the  U.  S.  Army  Board  for  Aviation  Accident  Research 
(USABAAR) ,  Fort  Rucker,  Alabama,  was  contacted  to  gain  compari¬ 
sons  between  the  accident  data  requirements  of  the  two  Armed  Ser¬ 
vices.  Copies  were  obtained  of  the  Army’s  new  DA  Form  2397 
series  (1  Sept  70)  which  is  now  used  for  Army  aviation  accident 
reports . 

A  search  was  made  of  the  documented  data  to  determine  acci¬ 
dents  of  specific  interest.  These  were  accidents  in  which  not 
all  of  the  occupants  were  killed  and  at  least  one  of  the  occu¬ 
pants  suffered  major  (or  fatal)  injuries.  These  accidents  may 
be  used  to  define  the  present  limits  of  survivable  accidents  in 
Naval  aircraft  and  the  crashworthiness  of  the  aircraft  involved 
since  they  are,  in  general,  as  serious  as  is  possible  without 
being  non-survivable. 


The  firsthand  data  and  literature  review  results  were  used 
to  amplify  the  documented  data  and  to  compare  with  trends  estab¬ 
lished  in  the  Navy  data  obtained  from  the  Safety  Center. 
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GENERATED  DATA  BASE 


The  generated  data  base,  as  explained  previously,  consists 
of  the  information  generated  in  the  literature  search,  the  docu¬ 
mented  crash  data,  and  the  firsthand  data  gained  through  inter- 
views  with  Naval  personnel  and  inspection  of  crash-damaged  Naval 
aircraft.  The  content  of  the  data  base  is  discussed  in  this 
section. 

DEFINITIONS 

The  following  terms  are  defined  according  to  the  intent  and 
manner  of  their  use  in  this  report. 

1.  Accident:  An  unplanned  event  in  which  an  aircraft  sus¬ 
tains  damage  incident  to  flight  operations.  Use  of  the 
word  "accident"  refers  to  an  aircraft  accident  in  this 
report  unless  specified  otherwise. 

2.  Major  Accident:  An  accident  in  which  the  aircraft  re¬ 
ceives  at  least  substantial  damage .  All  the  accidents 
in  the  documented  data  base  were  major  accidents. 

3.  Non-survivable  Accident :  An  accident  in  which  the  G- 
loadings  were  above  the  limits  of  human  tolerance  or 
in  which  a  liveable  volume  was  not  maintained  for  the 
occupants  of  the  aircraft. 

4.  Substantial  Damage:  A  determination  made  according  to 
the  number  of  man-hours  required  for  repair  of  the  air¬ 
craft.  The  value  differs  for  various  aircraft  and  is 
determined  according  to  OPNAV  Instruction  P3750.6F  for 
U.  S.  Navy /Marine  aircraft^  and  AR  385-40  for  U.  S. 

4 

Army  aircraft. 
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5.  Survivable  Accidents  An  accident  in  which  a  liveable 
volume  was  maintained  for  the  occupants  and  the  G- 
loadings  were  not  above  the  limits  of  human  tolerance. 

In  the  context  In  which  it  is  used  in  this  report,  it 
means  a  serious  accident,  usually  in  which  one  or  more 
occupants  received  major  (or  fatal)  injuries  but  not 
all  were  killed. 

REVIEW  OF  LITERATURE 

A  large  portion  of  the  state-of-the-art  literature  on  air¬ 
craft  structural  crashworthiness  (especially  for  helicopters)  has 
been  developed  by  and  for  the  U.  S.  Army.  Much  of  the  informa¬ 
tion  thus  generated  is  contained  in  the  Crash  Survival  Design 
2 

Guide  which  is  authored  and  periodically  updated  by  Dynamic 
Science  for  the  Army.  The  guide  presents,  in  a  condensed  form, 
tne  data,  design  techniques,  and  design  criteria  that  are  pre¬ 
sently  available  in  eight  areas: 

1.  Aircraft  Crash  Kinematics  and  Survival  Envelopes 

2.  Airframe  Crashworthiness 

3.  Aircraft  Seats  and  Litters  (Crew  and  Troop/Passenger) 

4.  Restraint  Systems  (Crew,  Troop /Passenger ,  and  Cargo) 

5.  Occupant  Environment 

6.  Aircraft  Ancillary  Equipment  Stowage 
?.  Emergency  Escape  Provisions 

8.  Postcrash  Fire 

Two  recent  papers  by  J.  L.  Haley,  Jr.,  of  USASAAR5'6  concern 
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specific  methods  of  designing  for  inpact  survival  in  helicopters. 

7 

Desjardins  surveyed  the  field  of  aircraft  crashworthiness  and 
discussed  areas  of  potential  improvement  in  the  most  recent  paper 
in  the  literature. 

An  important  work  which  considers  the  things  to  look  for 
when  evaluating  the  crashworthiness  of  a  crashed  aircraft  is 

Q 

the  Crash  Survival  Investigation  Textbook.  Methods  of  estima¬ 
ting  crash  dynamics  are  found  in  this  text,  as  well  as  in  the 

g 

Navy's  Handbook  for  Aircraft  Accident  Investigators. 

Causes  of  death  in  Navy /Marine  and  Army  helicopters  from 
1952-196«  and  methods  of  eliminating  them  is  the  subject  of  a 
report  by  Sjnderhoff . 10 

Structural  design  requirements  for  Navy  helicopters  are 
given  in  AR-56.^ 

A  pertinent  bibliography  follows  the  references  at  the  end 
of  this  report. 

DOCUMENTED  DATA 

The  documented  data  used  in  the  compilation  of  this  report 
consisted  of  611  accident  reports  for  which  computer  summaries 
were  obtained  from  the  data  bank  at  the  Naval  Safety  Center  in 
Norfolk,  Virginia.  Computerized  summaries  of  the  medical  reports 
for  personnel  who  occupied  the  aircraft  involved  in  these  acci¬ 
dents  were  also  obtained  from  the  same  source.  Accidents  in¬ 
cluded  in  the  survey  cover  the  period  from  January  1969  to  approx¬ 
imately  May  19  71. 

The  following  criteria  were  used  to  select  the  accidents 
of  interest: 


1.  The  accident  resulted  in  aircraft  destruction  or  sub¬ 
stantial  damage. 

2.  The  accident  occurred  in  the  takeoff,  landing,  or  in¬ 
flight  phase  of  operations.  Ground  accidents  were 
excluded  from  the  data  search. 

3.  Some  occupants  were  involved  in  the  crash.  Accidents 
in  which  all  occupants  ejected  or  bailed  out  were  ex¬ 
cluded  from  the  search. 

The  objectives  of  the  study  dictated  the  selection  criteria. 
Accidents  with  less  than  substantial  damage  would  probably  not 
be  indicative  of  the  crashworthiness  of  the  aircraft  because  the 
impact  forces  are  considerably  below  both  the  human  tolerances 
and  the  aircraft  structural  strength.  Crashes  with  no  occupants 
aboard  (after  ejection  or  bail-out)  would  not  be  indicative  of 
survivability  of  the  crash. 

The  accidents  selected  covered  most  of  the  current  aircraft 
in  the  Navy's  inventory.  Table  I  lists  the  various  types  of 
aircraft  included  in  the  survey  and  gives  the  total  number  of 
accidents  in  the  survey  period  which  met  the  selection  criteria 
for  each  type  of  aircraft.  Table  I  also  lists  the  number  of 
relevant  accidents  for  each  type.  The  relevant  accidents  are 
mostly  of  the  "survi vatic"  category  defined  previously,  and  are 
accidents  which  it  was  felt  would  provide  information  on  areas 
for  crashworthiness  improvement  in  Naval  aircraft. 

Pertinent  information  concerning  the  relevant  accidents 
in  the  survey  is  contained  in  Table  II.  Information  such  as 
aircraft  damage  and  accident  type,  phase  of  operations,  ana 
time  of  day  was  taken  from  the  accident  report  summaries  and  in¬ 
jury  information  was  taken  from  the  medical  report  summaries. 

The  remarks  are  significant  items  from  the  narratives  of  either 
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TABLE  II.  NAVAL  AIRCRAFT  ACCIDENTS,  JANUARY  1969  -  MAY  1971  (APPROXIMATELY)  (CONTD) 
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the  accident  or  medical  report.  Impact  velocity  information  was 
usually  not  given  directly,  but  was  estimated  from  the  phase  of 
operations,  knowledge  of  the  maneuvers  just  completed,  normal 
operating  and  stall  speeds  of  the  aircraft,  etc.  Although  the 
inpact  speeds  are  not  documented  information,  they  were  estimated 
and  included  in  the  table  to  allow  the  reader  to  develop  an  idea 
of  the  correlation  between  impact  speed,  aircraft  damage,  and 
occupant  injury. 

The  data  from  all  611  accidents  were  used  to  establish  the 
typical  crash  environment,  injury  patterns,  causes  of  death,  etc. 
Tables  III  and  IV  summarize  occupant  survival  and  crash  environ¬ 
ments  for  the  accidents  used  in  the  survey. 
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TABLE  IV.  CRASH  ENVIRONMENT  SUMMARY  -  NAVAL  AIRCRAFT  ACCIDENTS 
JANUARY  1969  -  MAY  1971  (APPROXIMATELY) 


Type 

Aircraft 

Total 

Acci¬ 
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i 
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An  t  i  s  utwaa  r  i  ne 

21 

3 

B 

1 

2 

1 

Trainer 

41 

3 

EB 

0 

21 

1 

5 

Utility 

1 

0 

0 

0 

0 

0 

1 

V/STOL 

6 

0 

2 

0 

4 

o 

0 

Research 

1 

0 

0 

0 

0 

0 

1 

Propeller 

114 

7 

21 

13 

48 

7 

18 

Jet 

314 

49 

43 

104 

101 

4 

13 

Helicopter 

183 

1 

14 

27 

50 

34 

57 

TOTALS 

— 

Ml 

57 

- 

78 

' 

144 

199 

88 

Percent 

100.0 

_ _ _ 

9.2 

12.8 

23.* 

32  .6 

:  7< 

14.4 

Siotes  Water 

environment  include*  carrier  vehicle  accident*. 

For  each  category  of  Naval  aircraft  surveyed.  Table  III  pre¬ 
sents  accidents  in  which  ail  were  killed,  accidents  in  which  none 
were  hurt,  and  accidents  with  injuries  of  varying  degrees  to  sosne 
occupants.  The  relevant  accidents  in  Table  II  were  taken  fresn 
the  third  category  (accidents  with  injuries)  with  further  stip¬ 
ulation  that  at  least  one  of  the  injured  received  raajor  (or  fatal) 
injuries.  Within  the  survey  period,  56.1  percent  of  the  Naval 
aircraft  crashes  studied  were  accidents  in  which  none  of  the  occu¬ 
pants  were  injured  even  though  the  aircraft  received  at  least 
substantial  (C)  dor-age .  In  spite  of  the  fact  that  45  percent  of 
the  total  occupants  involved  in  crashes  within  the  survey  period 
were  in  these  accidents,  the  accidents  were  of  no  further 


interest  because  the  G  loadings  obviously  did  not  exceed  a  toler¬ 
able  level  and  the  occupant's  survival  was  not  threatened  by  a 
major  decrease  in  his  occupiable  volume. 

Another  22  percent  of  the  accidents  resulted  in  death  to 
all  of  the  occupants  of  the  aircraft.  A  closer  look  at  these 
135  "all-killed"  crashes  reveals  that  112  (82.9  percent)  were 
non-survivable  based  on  impact  velocity  estimates  and  orienta¬ 
tions  as  well  as  damage  to  the  occupiable  space.  Only  3  (2.22 
percent)  were  determined  to  be  definitely  survivable  while 
another  20  (14.9  percent)  may  have  been  survivable.  For  the 
latter,  not  enough  data  could  be  gleaned  from  the  report  sum¬ 
maries  to  reach  a  definite  conclusion.  Thus,  only  2  percent  of 
the  “all  fatal"  crashes  are  definitely  of  interest  while  another 
15  percent  could  be  if  more  were  known  of  the  circumstances. 

Table  IV  is  a  summary  of  general  crash  environments  for 
each  of  the  aircraft  types  included  in  the  survey  period.  The 
categories  listed  are  a  water/aircraft  carrier  environment  or  a 
land  environment.  The  water/ai rcraft  carrier  environment  in¬ 
cludes  all  accidents  which  occurred  on  takeoff  or  landing  on  a 
carrier  and  accidents  in  which  the  aircraft  came  to  rest  in  the 
water.  All  other  accidents  were  considered  to  have  a  land  envi¬ 
ronment  even  though  the  aircraft  may  have  hit  buildings,  trees, 
or  other  land  obstacles.  For  mid-air  collisions,  the 
resting  place  was  used  to  determine  the  general  environment. 

FIKSTHAND  DATA 

The  firsthand  data  were  accumulated  in  interviews  with  Naval 
personnel  and  by  inspection  of  crash-damaged  aircraft  at  Naval 
facilities.  Safety  officers,  survivors,  witnesses,  and  investi¬ 
gators  concerned  with  Naval  aviation  were  interviewed.  These 
personnel  were  asked  questions  concerning  impact  variables  of 
particular  accidents  in  their  experience  as  well  as  questions 
concerning  injuries  and  causes,  aircraft  damage,  fire,  and  escape 
problems . 
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Table  V  summarizes  the  trips  and  visits  made  to  Naval  and 
Army  facilities  in  gathering  the  firsthand  data  in  this  program. 
The  information  obtained  at  these  facilities  is  summarized  be¬ 
low. 


TABLE  V.  SUMMARY  OF 

VISITS  TO  NAVAL  AND  ARMY  FACILITIES 

Facility 

Purpose  of  Visit(s) 

Number 
of  Trips 

Office  of  Naval  Research 
(ONR) ,  Arlington, 
Virginia  22217 

Clarify  scope  of  contract 
and  identify  potential 
areas  of  investigation 

1 

Naval  Air  Systems 

Command  (NAVAIR)  , 
Arlington,  Virginia 

Obtain  background  infor¬ 
mation  on  Naval  aviation 
crash  problems 

1 

Naval  Safety  Center 
(NSC),  Norfolk, 

Virginia  23511 

Obtain  documented  crash 
data  on  Naval  aircraft 

2 

Naval  Air  Facility  (NAF) 
El  Centro,  California 

,  Obtain  crash  environment 
data  on  land  based  jet 
ai rcraf t 

1 

Naval  Air  Rework 

Facility  (NARF)  ,  North 
Island,  California 

Examine  crash-damaged 
Naval/Marine  aircraft 

1 

Naval  Air  Station  (NAS)  , 
Imperial  Beach, 
California 

Interview  survivors  and 
witnesses  of  Naval  air¬ 
craft  accidents 

1 

U.  S.  Army  Board  for 
Aviation  Accident 
Research  (USABAAR) 

Fort  Rucker,  Alabama 

Compare  Army  accident 
data  requirements  and 
handling  with  Navy’s 

1 

Interviews  conducted  at  the  Naval  Air  Station  in  Imperial 
Beach,  California  with  survivors,  witnesses,  and  investigators 
of  Naval  aircraft  accidents  covered  2i  different  helicopter 
crashes  and  8  propeller-driven  aircraft  accidents.  Of  the  21 
helicopter  accidents,  15  of  the  aircraft  came  to  rest  in  water. 


2  in  rice  paddies,  and  the  other  4  on  the  ground.  Four  of  the 
accidents  concerned  UH-1  models.  In  2  of  these  cases  survivors 
stated  that  the  transmissions  came  loose  from  their  mounts  but 
did  not  enter  the  cabin  area.  Two  persons  were  killed  in  these 
accidents.  In  one  accident  the  aircraft  rolled  over  an  occupant 
who  had  jumped  out  while  the  aircraft  was  still  moving.  The 
other  fatality  was  due  to  drowning.  In  2  cases  the  aircraft 
caught  fire,  and  in  another  case  some  of  the  occupants  were 
burned  by  leaking  JP  fuel,  although  there  was  no  fire. 

Four  more  of  the  accidents  involved  H-2  helicopter  water 
impacts.  The  only  major  injury  was  a  broken  arm  sustained  by  a 
crewman  restrained  only  by  a  gunner's  belt.  He  was  thrown  into 
the  cabin  structure  upon  impact  (accident  33  in  Table  II) . 

Nine  of  the  interviews  covered  H-3  accidents  and  only  2  of 
these  occurred  on  land.  In  3  cases  the  pilot  or  copilot,  or 
both,  were  ejected  through  the  windshield  while  still  restrained 
in  their  seats.  In  one  case  the  pilot  stated  that,  although  his 
seat  came  loose  from  the  aircr^jt,  he  was  not  thrown  out  because 
the  nose  compartment  rolled  up  on  impact  and  trapped  his  leg 
(accident  34  in  Table  II) .  One  pilot  who  survived  a  water  im¬ 
pact  stated  that  the  occupants  encountered  a  multitude  of  prob¬ 
lems  getting  out  of  their  aircraft  because  it  rolled/inverted 
and  was  filling  with  water.  There  was  difficulty  opening  one  of 
the  escape  hatches  and  the  other  hatches  were  hard  to  find  due 
to  darkness.  The  survivor  suggests  that  possibly  some  modifica¬ 
tion  could  be  made  to  automatically  eject  the  escape  hatches  on 
impact  with  water.  He  also  suggested  that  water  activated  lights 
be  placed  around  the  escape  hatches.  Another  possibility  is  a 
system  such  as  the  H-46  uses  wherein  sensors  located  in  the  stub 
wings  turn  on  the  cabin  lights  if  the  impact  force  is  greater 
than  3G.  Another  problem  was  the  canvas-type  sound  proofing 
used  in  the  cabin  area  coming  loose  upon  impact  and  entangling 
the  survivors.  The  most  difficult  problem  faced  by  one  survivor 
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interviewed  was  that  his  life  preserver  was  bulky  and  buoyant 
even  when  not  inflated,  making  it  extremely  difficult  to  dive 
through  the  escape  hatch  of  his  inverted  aircraft. 

General  comments  concerned  lack  of  adequate  seat  retention 
and  the  tendency  of  helicopters  to  roll  about  the  longitudinal 
axis  when  the  rotor  stops  turning  after  water  impact. 

Discussions  held  with  personnel  at  the  Naval  Air  Systems 
Command  (NAVAIR)  in  Arlington,  Virginia  were  general  in  nature 
and  were  directed  at  obtaining  background  information  on  Naval 
aviation  crash  problems.  It  is  worth  noting  that  the  NAVAIR 
people  expressed  the  opinion  that  the  improvement  of  structural 
crashworthiness  is  a  much  less  feasible  goal  for  the  high  per¬ 
formance  jet  aircraft  than  for  helicopters  and  non-jet  fixed- 
wing  aircraft. 

Conversations  with  Safety  Center  personnel  in  Norfolk, 
Virginia  corroborated  the  opinion  of  the  NAVAIR  personnel.  At 
the  Naval  Safety  Center,  discussions  were  also  held  with  several 
helicopter  accident  investigators.  These  investigators  expressed 
the  opinion  that  helicopter  crashworthiness  could  and  should  be 
improved  in  the  following  areas: 

1.  Fuel,  oil,  and  hydraulic  systems  to  minimize  post¬ 
crash  fire. 

2.  Seat  retention. 

3.  Retention  of  heavy  power  plant  components. 

4.  Door  retention. 

Discussions  with  the  safety  officer  and  fighter  pilots  at 
the  Naval  Air  Facility  in  El  Cent.ro,  California  centered  on  high 
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performance  jet  aircraft.  The  opinion  was  expressed  that  the 
landing  gear  on  the  A-4,  for  example,  is  too  narrow  for  adequate 
stability  during  touchdown.  This  gives  this  aircraft  a  tendency 
to  roll  if  the  landing  is  not  smooth.  However,  to  widen  the  gear 
becomes  a  tradeoff  since  it  would  necessitate  beefing  up  the  wing, 
thereby  increasing  the  weight  and  decreasing  the  design  capabil¬ 
ities  of  the  aircraft.  One  interesting  improvement  suggested 
would  be  the  addition  of  some  sort  of  heat  shield  between  the 
cockpit  and  the  fuel  tanks  which  are  located  directly  behind 
the  occupants  in  some  jet  aircraft.  This  would  give  the  occu¬ 
pants  more  time  to  escape  in  case  of  fire. 

The  Naval  Air  Rework  Facility  at  North  Island,  California 
was  visited  for  a  firsthand  look  at  crash  damaged  Naval  and 
Marine  aircraft.  Various  kinds  of  crash  damage  were  noted  and 
photographs  were  obtained  of  some  of  the  aircraft  for  use  in 
this  report. 

The  U.  S.  Army  Board  for  Aviation  Accident  Research 
(USABAAR)  was  also  visited  for  a  comparison  of  the  type  of 
data  and  methods  by  which  aircraft  accident  data  are  recorded, 
stored,  and  retrieved. 
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ANALYSIS  AND  DISCUSSION 


The  generated  data  base  was  used  for  a  variety  of  analyses 
aimed  at  determining  fatality  causation ,  injury  patterns,  impact 
variables,  crash  environments,  and  survival  problems  in  Naval/ 
Marine  aircraft.  The  analyses  are  described  and  discussed  in 
this  section. 

Problems  concerning  Naval  helicopters  are  covered  more 
thoroughly  than  jet  and  non-jet  fixed-wing  aircraft  primarily 
because  of  the  relative  amounts  of  data  available.  One  reason 
for  this  is  that  there  is  often  time  to  eject  or  bail  out  in  a 
fixed-wing  aircraft  emergency.  In  such  cases,  crashworthiness 
of  the  aircraft  is  no  longer  relevant  to  crash  survival  and  acci¬ 
dents  of  this  type  were  not  included  in  the  survey.  At  present, 
however,  there  is  no  sure  way  of  safely  escaping  from  a  disabled 

helicopter  in  the  air,  although  methods  of  accomplishing  it  have 

11  12 

been  proposed  and  tested  successfully.  '  Even  when  airborne 
escape  systems  become  operational,  crashworthiness  of  Naval  and 
Marine  helicopters  will  still  be  of  primary  importance  because 
the  escape  capsule  must  also  be  crashworthy. 

Table  III  shows  that  within  the  survey  period,  helicopter 
accidents  involved  the  most  people,  with  1,039  total  occupants 
compared  to  445  in  jets  and  597  in  non-jet  fixed-wing  aircraft. 
Helicopters  also  had  the  greatest  number  of  accidents  with  in¬ 
juries,  with  a  total  of  91  as  compared  to  17  for  jets  and  25  for 
non-jet  fixed-wing  aircraft.  Many  more  occupants  were  injured  in 
helicopter  accidents  (273)  than  in  jets  (23)  or  propeller  driven 
aircraft  (68)  .  More  helicopter  occupants  (66)  were  killed  in 
survivable  accidents  than  occupants  in  jet  (4)  and  non-jet 
fixed-wing  aircraft  (36) .  These  statistics  clearly  indicate 
that  the  most  fertile  field  for  saving  lives  and  reducing  inju¬ 
ries  lies  in  helicopter  crashworthiness  improvement. 
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FATALITY  CAUSES 


The  primary  objective  of  crashworthiness  research  is  to  de¬ 
termine  how  to  reduce  fatalities  and  injuries  in  crash  situations. 
In  order  to  meet  this  objective,  the  first  task  is  to  find  the 
causes  of  fatalities  in  the  various  types  of  aircraft  crashes 
for  land  and  sea  crash  environments.  Some  preliminary  comments 
are  in  order. 

On  the  basis  of  percentage  of  occupants  killed,  jet  air¬ 
craft  are  the  most  dangerous  of  the  Naval  aircraft  since  28.8 
percent  of  the  occupants  in  the  major  jet  accidents  surveyed 
received  fatal  injuries.  The  aircraft  with  the  next  highest  per¬ 
centage  were  non- jet  fixed-wing  aircraft  in  which  25.3  percent 
of  the  total  occupants  of  accidents  surveyed  were  killed.  Heli¬ 
copters  had  the  least  percentage  of  occupants  killed,  only  14.1 
percent. 

Because  of  the  small  number  of  occupants,  jets  have  the 
lowest  fatality  rate;  only  0.407  occupants  were  killed  per  major 
accident.  The  next  lowest  were  light  non-jet  fixed-wing  air¬ 
craft  with  0.488  persons  killed  per  major  accident.  There  were 
0.802  persons  killed  per  major  helicopter  accident.  The  most 
dangerous  as  far  as  fatalities  per  accident  were  the  heavy  (over 
12,500  pounds)  non-jet  fixed-wing  aircraft  in  which  1.83  persons 
died  per  major  accident. 

A  total  of  147  occupants  were  killed  in  the  helicopter 
accidents  surveyed,  while  130  were  killed  in  heavy  non-jet  fixed- 
wing  aircraft,*  128  were  killed  in  jet  aircraft,  and  21  were 
killed  in  light  non- jet  fixed-wing  aircraft.  The  causes  of 
of  these  fatalities  (where  they  could  be  determined)  are  summar¬ 
ized  in  the  following  paragraphs. 

*The  patrol  aircraft,  which  have  both  propellers  and  jet  engines, 
were  included  with  the  non-jets  since  their  jet  engines  are  not 
normally  used  in  patrolling. 
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Fatality  Causes  in  Navy  Helicopters 

The  variations  in  fatality  causes  for  Navy  helicopter  land 
and  water  impacts  are  shown  in  Figure  1.  This  figure  also  in¬ 
cludes  the  total  number  of  fatalities  occurring  for  each  heli¬ 
copter  type  in  water  and  land  impacts  so  that  the  reader  may 
judge  the  significance  of  the  resulting  graph.  As  expected,  for 
water  impacts,  drowning  is  the  major  cause.  A  total  of  23  of 
the  42  fatalities  in  water  impacts  were  caused  by  drowning. 
Another  16  were  listed  as  lost  at  sea.  Most  of  these  fatalities 
were  probably  due  to  drowning  but,  unless  the  body  was  recovered 
and  an  autopsy  revealed  that  drowning  was  the  cause  of  death, 
the  medical  report  listed  only  lost  at  sea.  Only  2  of  the  42 
deaths  in  helicopter  water  impacts  were  directly  attributed  to 
impact  while  1  death  was  due  to  fire. 

On  land,  however,  impact  and  fire  were  the  major  fatality 
causes  in  the  survey  period.  Of  the  104  land  fatalities  in  Navy 
helicopters,  the  medical  reports  listed  impact  as  the  major 
cause  of  72  fatalities,  fire  as  the  major  cause  of  29  fatalities, 
and  rotor  blade  strikes  as  the  cause  of  3  fatalities. 

Figure  2  shows  the  distribution  cf  fatality  causes  in  "all- 
killed"  crashes,  survivable  crashes,  and  total  crashes  for  Navy 
helicopters  in  the  survey  period.  There  were  a  total  of  80 
killed  in  "all-killed"  crashes  and  66  killed  in  survivable 
accidents.  In  survivable  accidents,  36  of  the  total  42  water 
impact  fatalities  were  recorded  while  only  30  of  the  104  fatal¬ 
ities  in  land  impacts  occurred  in  this  category.  Almost  three- 
fourths  of  the  fatalities  in  "all-killed"  crashes  were  caused  by 
impact.  In  fact,  4  of  every  5  impact  fatalities  were  in  non- 
survivable  accidents. 

It  is  interesting  to  note  that  no  pilots  were  killed  in 
the  18  H-3  helicopter  accidents  included  in  the  survey;  the 
overall  death  rate  for  this  type  helicopter  was  the  lowest  of 
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Figure  1.  Percent  Fatalities  By  Cause  in  Naval  Helicopter 
Accidents  By  Helicopter  Type  (Janu-ary  1969 
through  May  1971). 
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any  of  the  Naval  helicopters  in  the  survey.  The  highest  fatality 
rate  occurred  in  H-34  helicopters  with  nearly  30  percent  of  all 
occupants  killed  in  the  24  accidents  surveyed.  The  pilot 
fatality  rate  was  the  lowest  of  any  of  the  occupants  in  H-34's. 

This  may  be  because  the  pilot  sits  much  higher  than  passengers 
and  crewmen  in  this  aircraft  and  has  more  crushable  material  be¬ 
tween  him  and  the  impact  surface  to  absorb  the  kinetic  energy  of 
the  crash.  In  contrast,  passengers  in  the  newer  cargo/troop 
transport  helicopters  (H-46  and  H-53)  were  among  the  safest  of 
passengers,  since  less  than  15  percent  received  major  (or  fatal) 
injuries  in  each  type  compared  to  over  50  percent  passenger 
fatalities  in  H-34  accidents. 

Impact  injuries  were  the  cause  for  less  than  one-fourth  of 
the  fatalities  which  occurred  in  survivable  crashes.  Drowning 
was  the  major  cause  in  survivable  Navy  helicopter  accidents  with 
half  either  drowned  or  lost  at  sea.  Thermal  injuries  also  caused 
nearly  one-fourth  of  the  survivable  helicopter  accident  fatalities. 
It  should  be  noted,  however,  that  inpact  injuries  were  probably 
a  contributing  factor  in  most  of  the  fatalities  since  a  stunned 
or  injured  occupant  would  be  less  able  to  escape  from  a  burning 
or  sinking  helicopter. 

Thermal  injuries  accounted  for  nearly  the  same  percentage 
of  fatalities  in  both  survivable  and  “all-killed"  accidents.  It 
is  expected  that  this  percentage  could  be  greatly  reduced  by  the 
implementation  of  crashworthy  fuel  systems.  Improved  helmets 
and  padding  could  probably  reduce  the  number  of  Naval  airman 
drowned  and  lost  at  sea  by  keeping  them  physically  able  to 
accomplish  a  rapid  escape.  The  same  holds  true  for  the  fire- 
caused  fatalities. 

Deaths  in  Fixed-Wing  Aircraft 

In  jet  aircraft,  106  of  the  total  128  killed  died  in  acci¬ 
dents  which  were  considered  non- survivable  based  on  the  isspact 
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velocities.  This  high  proportion  of  nonsurvivable  accidents 
is  a  function  of  the  high  impact  speeds  usually  experienced  in 
high  performance  jet  accidents.  Table  VI  summarizes  the  fatality 
causes  for  Naval  jets. 


TABLE  VI.  FATALITY 
EJECTIONS 

CAUSES  IN  NAVAL 
DID  NOT  OCCUR 

JETS  FOR  ACCIDENTS  IN  WHICH 
(JANUARY  1969  TO  MAY  1971) 

Cause 

Number 

Percent 

Impact 

74 

57.7 

Drown 

3 

2.4 

Fire 

2 

1.6 

Lost  at  Sea 

49 

38.3 

TOTAL 

128 

100.0 

The  bodies  of  nearly  40  percent  of  the  jet  aircraft  acci¬ 
dent  fatalities  were  not  recovered  because  the  accidents  occurred 
at  sea.  However,  the  bodies  of  pilots  recovered  from  similar 
water  accidents  indicated  that  death  was  usually  caused  by  multi¬ 
ple  extreme  impact  injuries  rather  than  drowning.  It  is  esti¬ 
mated  that  nearly  90  percent  of  the  jet  fatalities  are  due  to 
high  inpact  injuries  for  which  there  is  no  realistic  prevention 
by  use  of  energy-absorbing  structure.  The  present  emphasis  on 
ejection  seats  is  probably  the  most  feasible  method  of  minimizing 
jet  aircraft  accident  fatalities. 

For  non- jet  fixed-wing  aircraft,  inpact  was  again  the  lead¬ 
ing  fatality  cause  for  both  light  (under  12,500  pounds)  and 
heavy  (over  12,500  pounds)  aircraft.  The  causes  are  summarized 
in  Table  VII. 

Over  30  percent  of  the  non-jet  fixed-wing  aircraft  fatal¬ 
ities  were  lost  at  sea.  Nearly  10  percent  died  of  burns  and 
only  a  small  percentage  are  known  to  have  drowned.  Of  the  ones 
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TABLE  VII.  FATALITY  CAUSES  IN  NON-JET  FIXED-WING  NAVAL 


AIRCRAFT  (JANUARY  1969  TO  WAY  1971  APPROXIMATELY) 


Under 

12,500  Pounds 

Over 

12,500  Pounds 

All 

Cause 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Impact 

17 

85.0 

70 

53.4 

8? 

57.7 

Fire 

2 

10.0 

12 

9.2 

14 

9.3 

Drown 

0 

0 

3 

2.3 

3 

2.0 

Lost  at  sea 

1 

5.0 

45 

34,3 

46 

30.4 

Other* 

0 

0 

1 

.8 

1 

.6 

•One  crewman  choked  on  food  which  lodged  in  his  throat  in  the 
accident. 


lost  at  sea,  most  were  probably  killed  by  impact  forces  or  se¬ 
verely  debilitated,  which  precluded  their  escape  and  caused  death 
by  drowning. 

Comparisons  of  Death  Causes 

Comparing  Figure  2C  with  Tables  VI  and  VII  shows  that,  with¬ 
in  the  survey  period,  the  percentages  of  fatalities  for  all  Naval 
aircraft  due  to  impact  forces  is  fairly  similar  (50.5  percent  in 
helicopters  versus  57.7  percent  in  both  jet  and  non-jet  fixed- 
wing  aircraft).  The  highest  incidence  of  fire-caused  fatalities 
is  in  helicopters  (21  percent)  while  the  non-jets  were  about  half 
that  (9.3  percent).  Fire-caused  fatalities  in  jets  amounted  to 
less  than  2  percent  of  the  total.  The  percentage  of  occupants 
lost  at  sea  was  nearly  three  tirass  larger  in  non-jet  fixed-wing 
and  nearly  4  times  larger  in  jets  than  in  helicopters. 

Effect  of  Impact  Surface  on  Crash  Survivability 

The  impact  surface  had  a  definite  effect  upon  the  surviva¬ 
bility  of  the  major  accidents  in  the  survey.  Table  VIII  shows 
the  fatality  rate  per  major  accident  for  various  impact  surfaces 
and  four  categories  of  Naval  aircraft.  The  fatality  rates  for 
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irs¥>acts  with  flight  decks  and  runways  were  low  for  all  types  of 
aircraft.  This  can  probably  be  attributed  to  much  quicker  emer¬ 
gency  rescue  and  medical  treatment  being  available  in  such  cases. 
Impacts  in  trees  or  dense  forests  had  the  highest  fatality  rates 
for  the  helicopters  surveyed.  This  was  surprising  because  of 

contradictory  findings  in  a  USA8AAR  publication  concerning  emer- 

13 

gency  landing  and  ditching  techniques  in  helicopters.  This 
publication  states  that  Array  accident  experience  proves  conclu¬ 
sively  that  trees  can  be  a  helicopter  pilot's  best  friend  in  an 
emergency  situation.  The  difference  between  accidental  or  uncon¬ 
trolled  impact  with  trees  and  intentionally  settling  in  trees  and 
using  them  as  an  energy  absorber  is  probably  the  explanation. 


TABLE  VIII. 

FATALITY  RATES  PER  MAJOR  ACCIDENT  FOR  DIFFERENT 
IMPACT  SURFACES  AND  NAVAL  AIRCRAFT  (JANUARY 

1969  TO  MAY  1971) 

Impact  Surface 

Type  of 

Aircraft 

Attack 

Pigh  ter 

Helicopter 

Cargo 

Water 

1.18 

1 . 55 

0.70 

12.33 

Flight  Deck 

0.02 

0.08 

0 

0 

Runway 

0.10 

0.03 

0.24 

0 

Ground 

0.40 

0.61 

0.77 

3.50 

Trees 

1.00 

1.  33 

1.67 

I .  j  3 

Ail 

_  9-3?  j 

0.44 

0.80 

2.55 

Attack,  fighter,  and  cargo  aircraft  had  the  highest  fatality 
rates  for  accidents  in  which  the  aircraft  impacted  water.  In 
taost  cases,  the  water  impact  fatalities  were  lost  at  sea  for 
these  aircraft  while  water  fatalities  in  helicopters  were  more 
often  caused  by  drowning.  The  water  fatality  rate  in  helicopters 
was  less  than  either  the  tree  or  ground  i=^>act  rates. 

The  overall  fatality  rates  are  also  given  for  eacn  category 
of  aircraft  in  Table  VIII.  The  overall  rates  include  not  only 
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the  terrains  listed  in  Table  VIII  but  also  such  categories  as 
snow,  swamps,  and  unknown  terrain.  Swamp  impacts  did  have  a 
high  fatality  rate  in  helicopters  with  21  killed  in  16  crashes 
(1.31  fatalities  per  major  accident),  although  it  was  a  minor 
category  for  other  types  of  aircraft.  The  swamp  impacts  were 
mostly  in  Vietnam  rice  paddies.  Water  and  tree  impact  fatality 
rates  were  approximately  3  times  the  overall  fatality  rates  in 
attack  and  fighter  aircraft. 

INJURY  PATTERNS 

The  injuries  received  in  aircraft  accidents  are  a  func¬ 
tion  of  the  intact  forces,  but  they  may  also  be  related  to 
positioning  and  tie-down  of  components,  padding  of  the  occu- 
piable  areas,  stiffness  and  energy-absorbing  capabilities  of 
the  aircraft  structure  and  seats,  and  the  adequacy  of  helmets 
and  restraint  systems.  A  study  of  the  injury  patterns  can 
thus  point  to  some  of  the  problems  which  exist  in  present  air¬ 
craft.  A  discussion  follows  of  the  injury  patterns  which  emerged 
from  the  analysis  of  the  accidents  and  various  types  of  Naval 
aircraft  surveyed. 

Helicopter  Injury  Pattern 

All  injuries  listed  in  the  medical  report  summaries  for 
occupants  of  the  183  Naval  helicopters  in  the  survey  were  used 
ir.  compilation  of  the  injury  pattern  except  bums,  drowning, 
and  multiple  extreme  injuries.  The  results  are  shown  in  Figure 
3.  The  percentages  are  based  on  the  total  number  of  injuries 
listed  rather  than  the  total  number  of  occupants.  Some  occupants 
had  more  than  one  injury.  The  total  number  of  injuries  included 
in  the  figure  was  363.  As  the  figure  shows,  leg,  head,  and  ana 
injuries  were  the  most  prevalent  types.  These  are  the  types  of 
injuries  which  may  best  be  minimi  red  by  improved  helmets,  im¬ 
proved  restraint  systems,  and  better  padding.  The  next  highest 
injury  incidences  were  back  (spinal)  injuries.  Energy-absorbing 
seats  could  be  used  to  minimise  this  type  injury. 
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Figure  3.  Injury  Pattern  for  Naval  Helicopter  Occupants 
(January  1969  through  May  1971) . 

Figure  4  contains  the  U.  S.  Air  Force  and  Army  injury  pat¬ 
terns  reported  in  Reference  8.  The  Army  injury  pattern  is  for 
helicopters  only,  while  the  Air  Force  pattern  includes  various 
types  of  aircraft.  Comparison  of  these  with  the  injury  patterns 
for  Naval  helicopters  show  that  leg  injuries  are  more  prevalent 
in  the  Navy  injury  pattern  than  in  the  Air  Force  and  Army  pat¬ 
terns.  Back  injuries  are  comparable  in  Army  and  Navy  helicopters 
but  are  much  higher  in  the  Air  Force  aircraft  accidents.  This 
has  been  attributed  to  the  greater  overall  strength  of  the  high 

g 

performance  aircraft  included  in  the  Air  Force  data.  The  Army 
and  Air  Force  patterns  also  show  a  prevalence  of  head,  leg,  and 
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arm  injuries  as  noted  in  the  Navy  helicopter  injury  pattern; 
therefore,  these  appear  to  be  a  universal  problem. 

Jet  Aircraft  Injury  Pattern 

A  jet  aircraft  injury  pattern  is  not  provided  as  there  were 
insufficient  data  available  to  make  it  statistically  meaningful. 
Although  there  were  314  jet  aircraft  accidents  surveyed,  there 
Were  only  8  occupants  with  major  injuries  among  the  445  occupants 
Of  the  128  killed,  most  were  either  lost  at  sea  or  received  multi 
pie  extreme  fatal  injuries  which  were  not  listed  individually  on 
the  accident  reports.  The  injury  pattern  for  the  U.  S.  Air  Force 
in  Figure  4  was  compiled  from  over  8,000  occupants  and  would 
probably  be  applicable  to  a  Naval  jet  aircraft  accident  injury 
pattern. 

Fixed-Wing  Transport  Aircraft  Injuries 

There  was  one  severe  transport  aircraft  accident  in  the 
survey  period  with  enough  occupants  aboard  to  establish  some 
significant  injury  trends.  The  accident  involved  an  EC-121M 
with  31  occupants  aboard  (accident  17  in  Table  II) .  Only  one 
of  the  occupants  escaped  injury  while  another  received  minor 
injuries,  6  had  major  injuries,  and  23  were  killed.  The  medi¬ 
cal  report  stated  that  a  high  percentage  of  the  injuries  was 
caused  by  seat  and  console  mounting  failure  on  impact.  The 
medical  officer  stated  that  many  of  the  head  injuries  would  have 
been  minimized  if  a  requirement  for  helmet  use  had  existed. 

The  injuries  received  by  the  occupants  aboard  the  aircraft 
are  summarized  in  Table  IX  as  percentages  of  occupants  re¬ 
ceiving  injuries  to  particular  body  areas.  Percentages  are 
given  for  fatally  injured  occupants,  occupants  with  major  in¬ 
juries,  and  all  occupants.  Because  many  of  the  occupants  were 
not  wearing  helmets,  it  is  not  surprising  that  a  high  percen¬ 
tage  received  major  head  injuries.  The  typical  trends  toward 
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head,  leg,  and  arm  injuries  in  all  the  injury  patterns  dis¬ 
cussed  so  far  were  again  evident  in  the  transport  accident. 


TABLE  IX. 

SUMMARY  OF  OCCUPANT  INJURIES  IN  A  SEVERE 
TRANSPORT  AIRCRAFT  ACCIDENT  (EC-121M) 

Percentage  of  Occupants  Receiving 
Injuries  to  Body  Parts 

Body  Part 

Fatally 

Inj ured 
Occupants 

Occupants 

With 

Major  Injuries 

All 

Occupants 

Skull 

78.5 

83.3 

74.2 

Legs 

65.3 

50.0 

58.2 

Arms 

43.5 

33.3 

39.7 

Chest 

21.7 

0 

16.1 

Back 

0 

16.7 

3.2 

Abdomen 

4.4 

0 

3.2 

From  a  crashworthiness  standpoint,  the  single  most  signifi¬ 
cant  factor  which  emerged  from  the  data  on  this  accident  was  the 
fact  that  all  8  of  the  persons  who  survived  the  crash  were  seated 
in  rearward  facing  seats. 


It  is  also  significant  to  note  that  the  percentage  of  in¬ 
juries  received  by  the  occupants  with  major  injuries  are  nearly 

g 

identical  to  those  reported  by  Dynamic  Science  in  a  study  of 
800  survivors  with  injuries  in  light  civilian  fixed-wing  aircraft. 
The  reasons  cited  for  the  trends  noted  in  the  Dynamic  Science 
study  were  lack  of  helmets  and  shoulder  restraint  in  most  light 
civilian  aircraft. 

INJURIES  AS  A  FUNCTION  OF  OCCUPANT  DUTY/LOCATION 

Another  revealing  factor  from  a  crashworthiness  standpoint 
is  the  relative  severity  of  injuries  received  by  occupants  in 
various  locations  in  the  aircraft.  For  example,  if  a  significantly 
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larger  number  of  pilots  received  injuries  than  did  copilots 
in  a  particular  aircraft  where  they  are  seated  side  by  side,  this 
may  indicate  that  some  object  in  the  pilots'  strike  zone  should 
be  relocated.  Or,  if  injuries  are  more  severe  in  the  cabin  area 
than  in  the  cockpit  area,  it  could  mean  that  the  cabin  area  needs 
improved  restraint  systems  since,  more  often  than  not,  forward 
occupants,  i.e.,  those  in  the  cockpit  area,  are  subjected  to 
higher  G  loads.  The  following  paragraphs  are  concerned  with  the 
degree  of  injuries  received  by  the  various  occupants  in  Naval 
aircraft. 

Helicopter  Injuries 

Figures  5  through  9  are  composite  injury  histories  by  duty 
function  of  the  occupant  for  all  the  helicopters  included  in  the 
survey.  Bar  charts  are  shown  for  pilots,  copilots,  crewmen, 
crew  chiefs,  and  passengers  with  a  composite  figure  (Figure  10) 
for  the  total  of  all  the  helicopter  types.  All  occupants  of 
helicopter  accidents  which  met  the  selection  criteria  are  in¬ 
cluded  in  the  figures.  The  degree  of  injury  was  broken  up  into 
four  categories:  fatal,  major,  minor,  and  none. 

The  portions  pertaining  to  the  H-19  and  H-57  helciopters 
are  not  statistically  significant  since  there  were  only  two 
H-19  accidents  and  four  H-57  accidents  included  in  the  survey. 
They  are  included  in  the  figures,  however,  for  completeness . 

Figure  10  indicates  that  the  occupants  involved  in  H-53 
accidents  were  more  likely  to  be  injured  than  occupants  of  any 
of  the  other  helicopters  included  in  the  survey.  One  reason 
being  that  this  aircraft  was  involved  in  some  of  the  more  serious 
survivable  accidents.  In  fact,  several  of  the  survivable  H-53 
accidents  were  in  an  impact  velocity  range  previously  considered 
unsurvivable  according  to  the  U.  S.  Army  Crash  Survival  Design 
Guide . 
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Figure  7.  Crewman  Injuries  in  Naval  Helicopters 
(January  1969  through  May  1971) . 
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Figure  8.  Crew  Chief  Injuries  in  Naval  Helicopters 
(January  1969  through  May  1971) . 
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Figure  9.  Passenger  Injuries  in  Naval  Helicopters 
/Tanuary  1969  through  May  1971). 


Figure  10.  Total  Occupant  Injuries  in  Naval  Helicopters 
(January  1969  through  May  1971). 
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Fixed-Wing  Aircraft  Injuries 

The  data  from  a  large  transport-type  aircraft  accident 
(accident  17  in  Table  II)  were  used  to  determine  injury  as  a 
function  of  location  for  land  inpacts  of  large  aircraft. 

Table  X  summarizes  the  data  for  this  accident.  While  other 
accidents  of  this  type  may  vary  greatly  as  far  as  injury  per¬ 
centages  for  the  various  locations  according  to  the  inpact 
speeds  and  attitudes  of  the  aircraft  involved,  it  is  expected 
that  similar  trends  would  be  evident.  That  is,  if  any  occupants 
escape  injury  or  receive  only  minor  injuries,  they  are  likely 
to  be  in  aft  facing  seats  in  central  or  rear  portions  of  the 
aircraft. 


TABLE  X.  SEVERITY  OF  INJURY  BY  OCCUPANT  LOCATION  FOR 


EC-121M  ACCIDENT 


Locations 

Occupants  Receiving 

Injury  Classification 

Fatal 

Major 

Minor 

_ 

None 

— 

No. 

Pet. 

No. 

Pet . 

No. 

Pet . 

No. 

Pet. 

Compartment 

Cockpit 

a 

100.0 

0 

0 

a 

0 

0 

0 

Passenger 

19 

70.  5 

6 

22.2 

a 

D 

a 

KB 

Longitudinal 

Location 

Forward 

14 

100.0 

0 

0 

0 

0 

0 

0 

Center 

3 

37.5 

5 

62.5 

0 

0 

0 

0 

Aft 

5 

62.5 

1 

12.5 

a 

12.5 

m 

12.5 

Lateral 

Loca tion 

Center 

a 

100.0 

0 

0 

Q 

0 

o 

0 

Left 

in 

_ 

78.9 

2 

10.5 

m 

5.3 

l 

5.3 

Right 

n 

63.6 

D 

36.4 

0 

0 

0 

0 

Di rection 
Facing 

Forwa  rd 

9 

100.0 

o 

0 

0 

0 

0 

Aft 

12 

60.0 

6 

20.0 

n 

5.0 

1 

5.0 

Sideward 

2 

100.0 
i— _ _ _ «J 

0 

0 

0 

0 

0 

_ 

0 

Note:  Percentages  are  of  total  for  each  location  division. 


For  light  fixed-wing  aircraft  and  high  performance  jets, 
there  are  usually  not  many  occupants  in  the  aircraft  and  they 
are  usually  located  close  to  each  other,  so  location  may  not 
be  significant.  Figure  11,  however,  shows  the  advantage  of 
being  in  the  rear  seat  in  a  tandem  seating  arrangement.  The 
aircraft,  a  T-28B,  stalled  on  a  landing  approach.  The  instruc¬ 
tor  pilot  in  the  front  seat  was  killed  but  the  student  in  the 
rear  seat  received  only  minor  injuries  (accident  59  in  Table 
II) .  The  survivor  of  this  accident  was  interviewed  while  gather¬ 
ing  firsthand  data  for  this  program.  His  injury  resulted  from 
his  foot  getting  caught  under  the  rudder  pedal. 


Figure  11.  T-28  After  a  Wrapped-up  Approach 
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Accidents  2  and  3  of  Table  IX  both  concern  A-3  jet  air¬ 
craft.  In  accident  2,  the  only  fatality  was  in  an  aft  facing 
seat  behind  the  cockpit  (the  medical  report  summary  states  that 
he  was  not  wearing  his  helmet  properly,  however,  which  is  an 
added  consideration).  In  accident  3,  the  only  survivor  was  in 
the  aft  facing  seat  behind  the  pilots.  Thus,  it  is  difficult  to 
determine  whether  or  not  location  is  a  decisive  factor  in  the 
degree  of  injuries  in  high  performance  jet  aircraft  accidents. 

IMPACT  VELOCITY  ESTIMATES 

Impact  velocity  and  velocity  change  during  the  major  im¬ 
pact  are  important  criteria  with  regard  to  the  seriousness  of  an 
aircraft  accident  since  both  are  measures  of  the  crash  energy. 
These  factors,  along  with  structural  deformation  and  stopping 
distances,  may  be  used  to  calculate  decelerative  loadings 
which  the  aircraft  was  subject  to  in  the  crash.  Unfortunately, 
none  of  these  factors  are  directly  available  from  the  present 
accident  reports.  This  type  of  information  is  sometimes  inclu¬ 
ded  in  narrative  form  only,  but  it  is  seldom  complete  enough  to 
allow  accurate  determination  of  the  G  loadings .  The  type  of 
information  necessary  is  exemplified  in  Figures  12  and  13,  por¬ 
tions  of  the  new  U.  S.  Army  Accident  Report  Form  2397  series. 

Some  of  the  instructions  relevant  to  report  preparation  are 
shown  in  Figure  13. 

In  order  to  allow  comparison  with  existing  information  rela¬ 
tive  to  impact  loadings,  the  impact  velocities  were  estimated  for 
survivable  accidents  from  narrative  information  concerning  flight 
phases,  maneuvers  just  completed,  stall  speeds,  cruise  speeds, 
speeds  and  altitudes  when  the  emergency  occurred,  etc.  It  was 
not  possible  to  determine  the  velocity  change  in  the  major  im¬ 
pacts  because  of  lack  of  information  concerning  gouge  and  skid 
patterns . 

Helicopter  Impact  Velocities 

Figure  14  shows  a  curve  which  relates  cumulative  frequency 
to  estimated  longitudinal  impact  velocity  for  survivable  impacts 
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Figure  12.  Velocity  and  Attitude  Data  Requested  by  U.  S.  Army 
Accident  Report. 
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Figure  13.  Deformation  Data  Requested  by  U.  S.  Army 
Accident  Report. 


CUMULATIVE  FREQUENCY  OF  OCCURRENCE 


LONGITUDINAL  VELOCITY  -  FPS 


Figure  14.  Cumulative  Frequency  Curves  for  Longitudinal  Impact 
Velocities  of  Survivable  Navy  Helicopter 
Accidents  (January  1969  through  May  1971) . 


The  figure  indicates  that  higher  longitudinal  velocities 
are  survivable  in  water  inpacts  as  opposed  to  land  inpacts. 

This  is  as  expected  since  the  deceleration  pulse  during  a  water 
crash  is  likely  to  be  of  lower  magnitude  and  longer  duration  than 
that  of  a  land  crash  with  the  same  initial  inpact  velocity. 


Longitudinal  inpact  velocity  and  velocity  change  in  the 
major  impact  pulse  are  the  same  only  when  the  velocity  changes 
from  the  inpact  velocity  to  zero  in  one  continuous  pulse  (assum¬ 
ing  no  rebound) .  This  is  often  the  case  for  lower  impact  veloci¬ 
ties.  For  higher  longitudinal  inpact  velocities,  however,  the 
kinetic  energy  is  usually  dissipated  in  a  series  of  skidding, 
gouging,  bouncing,  and  rolling  movements  rather  than  a  single 
continuous  deceleration.  For  this  reason,  it  was  expected  that 
the  cumulative  frequency  curves  for  Navy  helicopter  land  and 
water  longitudinal  impact  velocities  would  be  higher  than  the 
longitudinal  velocity  change  curve  taken  from  the  Army  Crash 
Survival  Design  Guide.  Such  is  the  case  for  water  impacts. 
However,  the  estimated  velocities  for  Navy  land  impacts  are 
lower  up  to  the  60-percent  level  than  the  Army’s  curve.  One 
possible  explanation  for  this  is  that  light  fixed-wing  aircraft 
impacts  are  also  included  in  the  Army  curve  whereas  the  Navy 
curve  contains  only  helicopter  impacts.  Another  possible  ex¬ 
planation  if  that  the  Army  curve  is  a  combined  curve  which  also 
contains  Navy  and  some  civilian  data.  The  Navy  water  impacts 
which  it  contains  may  have  shifted  the  curve  from  where  a  land- 
only  curve  would  lie.  Other  possible  explanations  for  more 
injuries  than  expected  at  lower  velocities  are  misuse,  lack  of, 
or  inadequate  restraint  systems.  The  Army  curves  for  vertical 
and  longitudinal  velocity  change  do  not  necessarily  include 
the  same  accidents  for  both  curves  while  the  curves  for  Navy 
helicopters  include  both.  This  could  account  for  some  of  the 
differences. 


Cumulative  frequency  curves  for  vertical  impact  velocities 
in  survivabie  land  and  water  Navy  helicopter  accidents  are 
shown  in  Figure  15.  This  figure  also  includes  a  cumulative  fre¬ 
quency  curve  for  vertical  velocity  change  in  the  major  impact 
pulse  for  survival' Is  rotary  light  fixed-wing  aircraft  which 

was  taken  from  the  Array  Crash  Survival  Design  Guide.  All  three 
curves  have  the  same  general  shape  and  the  snagnitude^  ..re 
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CUMULATIVE  FREQUENCE  OF  OCCURRENCE 


reasonably  close  to  each  other.  For  vertical  impacts,  the  impact 
velocity  and  the  vertical  velocity  change  are  usually  the  same 
except  for  aircraft  rebound.  Rebound  produces  a  velocity  in  the 
opposite  direction  which  results  in  the  total  vertical  velocity 
change  being  larger  than  the  impact  velocity. 
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Figure  IS.  Cumulative  Frequency  Curves  for  Vertical  Impact. 

Velocities  in  Survivable  Navy  Helicopter  Crashes 


Combined  Helicopter  I^>act  Velocities 

Figures  16  and  I?  show  points  which  are  the  estimated  ver¬ 
tical  and  longitudinal  impact  velocities  of  Navy  helicopters  in 
serious  but  survivable  accidents.  Figure  16  is  for  water  impacts 
and  Figure  IT  is  for  land  accidents.  The  figures  are  divided 
into  three  regions:  survivable,  marginally  survivable,  and 


LONGITUDINAL  IMPACT  VELOCITY  -  FPS 


Figure  16.  Combined  Impact  Velocities  for  Navy  Helicopters  in 
Survivable  Water  Impacts  (January  1969  through 
May  1971) . 


mm  A - 

ARMY 

DESIGN 

GUIDE  —j 

- j - / 

LEGEND 
A  H-l 
▲  H-2 
•  H-3 

O  H-34 
O  H-4S 
■  H-53 


UNSURVIVABLE 


'SURVIVABLE/ 

V//////////X 


iWSSilllW 

j  j  p|{JggS 

. 

80  100  120 


LONGITUDINAL  IMPACT  VELOCITY  -  FPS 


Figure  17.  Combined  Impact  Velocities  for  Navy  Helicopters  in 
Survivable  Land  Impacts  (January  1969  through 
May  1971)  . 


unsurvivable.  This  division  is  taken  from  the  Army  Crash  Sur¬ 
vival  Design  Guide  and  is  based  on  survival  histories  of  occu¬ 
pants  in  past  military  and  civilian  aviation  accidents.  It  is 
noteworthy  that  several  Navy  helicopter  accidents  were  survivable 
in  the  previously  unsurvivable  region  of  the  figures.  Most  of 
these  accidents  which  fell  in  the  previously  unsurvivable  area 
were  in  either  H-46  or  H-53  models  which  are  two  of  the  Navy's 
newer  helicopters , 

The  purpose  of  the  corresponding  curve  in  the  Army  Design 
Guide  was  to  give  the  designer  a  feel  for  the  magnitudes  of 
impact  attitudes  and  velocities  which  an  aircraft  should  be  de¬ 
signed  to  withstand  without  completely  collapsing.  Because  of 
the  Navy  survival  history,  it  is  suggested  that  the  marginally 
survivable  region  be  expanded  according  to  the  dotted  line  which 
is  superimposed  on  the  curves.  Aircraft  designers  should  take 
these  factors  into  consideration  when  designing  future  aircraft. 

Fixed-Wing  Velocities  at  Impact 

The  limited  data  from  the  survey  were  used  to  develop  cumu¬ 
lative  frequency  curves  for  longitudinal  velocities  in  surviv¬ 
able  impacts  of  Naval  jets  and  fixed-wing  transport  and  patrol 
type  aircraft.  The  curves  are  shown  in  Figure  18.  There  w»ere 
insufficient  data  to  develop  separate  curves  for  land  and  w»ater 
impacts .  Most  were  land  or  flight  deck  accidents  since  severe 
water  impacts  for  fixed-wing  aircraft  accidents  are  usually 
unsurvivable . 

Also  included  in  Figure  18  are  curves  which  would  probably 

approximate  the  velocity  change  in  the  major  impact  pulse  for 

fixed-wing  transport  and  jet  aircraft.  The  curve  for  the  fixed- 

wing  transport  aircraft  is  taken  from  the  Crash  Survival  Design 
2 

Guide.  The  dotted  curve  is  a  possible  longitudinal  velocity 
change  curve  for  survivable  Naval  jet  accidents.  It  is  based 
upon  the  following  assumptions:  (1)  that  the  shape  of  the  curve 
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is  similar  to  the  other  curves  on  the  figure;  (2)  that  the 
slope  of  the  central  portion  of  the  curve  is  similar  to  the 
slope  of  the  jet  velocity  curve,  as  were  the  velocity  and  veloc¬ 
ity  change  curves  for  fixed-wing  transports;  and  (3)  that  the 
median  velocity  change  is  probably  about  half  the  median  impact 
velocity,  as  was  the  case  for  fixed-wing  transports. 

For  the  vertical  direction,  the  velocity  and  velocity 
change  may  be  assumed  to  be  the  same.  Figure  19  shows  vertical 
impact  velocities  for  survivable  Naval  fixed-wing  transport  and 
jet  aircraft  accidents.  The  figure  also  shows  the  curve  for 
fixed-wing  transports  as  shown  in  the  Crash  Survival  Design 
Guide. ^  There  is  virtually  no  difference  between  the  two  fixed- 
wing  transport  curves  up  to  the  70-percent  level.  Above  this 
level,  the  Navy  curve  flattens  out.  This  may  be  due  to  the 
limited  number  of  cases  included  in  the  Navy  curve  in  comparison 
to  numerous  cases  used  to  evolve  the  Army  curve.  The  figure 
shows  that  Naval  jets  have  nearly  the  same  vertical  velocities 
at  impact  as  do  fixed-wing  transport  aircraft.  Comparison  with 
Figure  15  indicates  that  jet  and  transport  aircraft  have  much 
lower  vertical  impact  velocities  than  helicopters. 
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Figure  19.  Vertical  Impact  Velocities  for  Survivable  Fixed- 

Wing  Transport  and  Jet  Aircraft  Accidents.  (Naval 
Aviation,  January  1969  through  May  1971). 
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GENERAL  COMMENTS 

Photographs  of  crash -damaged  Naval  aircraft  are  used  in 
this  section  to  illustrate  specific  points  relative  to  the 
crashworthiness  of  the  aircraft. 

Figure  20  shows  an  F-4  which  caught  fire  in  the  fuel  area. 
The  heat  from  the  fire  caused  the  shrinkage  crack  at  the  left 
side  of  the  figure  just  behind  the  cockpit  section.  This  illus¬ 
trates  the  reasoning  behind  the  suggestions  made  by  NAF  El  Centro 
personnel  concerning  the  need  for  a  heat  shield  between  the  cock¬ 
pit  and  the  fuel  tanks  to  allow  occupants  more  time  to  escape  in 
case  of  fire. 

Figure  21  shows  how  easily  a  spinning  rotor  blade  can  cut 
through  the  skin  of  a  helicopter.  It  also  shows  the  need  for 
a  number  of  escape  hatches  in  the  event  some  are  rendered  unus¬ 
able;  this  happened  in  this  accident. 

Figure  22  shows  an  H-46  which  impacted  tail  first  (top 
view) .  When  the  nose  section  hit  the  ground,  the  transmission 
was  torn  loose,  causing  the  cockpit  to  separate  (bottom  view) . 
This  figure  illustrates  the  importance  of  a  strong  support  struc¬ 
ture  for  heavy  components  such  as  engines,  transmissions,  and 
rotor  masts  in  helicopters.  Figure  22  also  indicates  the  need 
fu.  strong  framing  members  around  doors  and  other  fuselage 
openings . 

Figure  23  graphically  illustrates  the  reasoning  behind 

1 

some  of  the  crashworthiness  principles  advocated  by  DeHaven 
and  others  since  the  early  1950's.  The  figure  shows  two  views 
of  the  OV-10A,  one  of  the  newer  aircraft  in  the  Navy  inventory. 
The  top  view,  a  drawing,  shows  the  original  configuration  of  the 
aircraft  which  has  twin-engines,  a  high  wing,  and  twin  booms  with 
a  horizontal  tail  surface  between  them.  The  cockpit  is  suspended 
forward  and  below  the  majority  of  the  mass  which  is  concentrated 
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Figure  20.  Fire  Damaged  F-4  Fighter  Aircraft. 


Figure  21.  Helicopter  Rotor  Blade  Damage  to  CH-46D 
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A.  Rear  View 


B.  front  View 


Figure  22.  Two  Views  of  a  Crash- Damaged  CH-46D  Helicopte 
After  a  Tail  First  Impact. 


in  the  engines  and  wing.  The  bottom  view  is  a  photograph  of  the 
remains  of  an  OV-lOA  aircraft  that  crashed  near  San  Diego,  Cali¬ 
fornia.  The  nearly  intact  wing  of  the  aircraft  is  inverted  at 
the  bottom  of  the  photograph.  The  center  of  the  photograph 
shows  where  the  cockpit  pod  was  originally  located.  The  cock¬ 
pit  pod  was  totally  destroyed  as  it  crashed  to  absorb  the  energy 
of  the  crash. 

It  should  be  noted  that  the  OV-IO  was  designed  for  maximum 

pilot  visibility  in  all  directions.  This  was  accomplished  in 

the  design,  and  it  may  have  been  the  only  valid  configuration 

after  all  other  options  were  considered.  The  crashworthiness 

principles,  however,  which  are  violated  in  the  aircraft  design 
7 

are : 

1.  Locate  the  cockpit /c abin  as  far  aft  as  possible  in 
the  fuselage  and  provide  a  large  amount  of  energy¬ 
absorbing  structure  ahead  of  the  occupants. 

2.  Design  the  cockpit/cabin  area  as  the  strongest  part 
of  the  fuselage  ("island  of  safety")  in  order  to 
maintain  the  occupant's  environmental  integrity  until 
the  energy-absorbing  action  of  surrounding  structures 
is  exhausted  in  progressi/e  collapse. 

3.  Locate  all  heavy  components  below  and  forward  of  the 
cockpit/cabin  to  prevent  crushing  of  the  occupiable 
area  by  inertial  loads. 
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CONCLUSIONS 


The  study  reported  herein  has  identified  crashworthiness 
and  shortcomings  which  exist  in  present  Naval  aircraft.  Problem 
areas  have  been  discussed  and  possible  solutions  suggested.  This 
section  reiterates  some  of  the  more  important  findings. 

Future  research  in  the  field  of  Naval  aircraft  crashworthi¬ 
ness  would  be  more  fruitful  if  the  present  Aircraft  Accident 
Report  form  were  revised  to  include  requests  for  specific  data 
items  concerning  crash  kinematics  and  structural  deformations  of 
the  aircraft  from  which  decelerative  loads  could  be  estimated. 
Impact  velocities  for  Naval  aircraft  crashes  estimated  from 
narrative  information  agreed  reasonably  well  with  those  report¬ 
ed  in  the  Army's  Crash  Survival  Design  Guide. 

The  conclusion  is  made  that  Naval  rotary-wing  aircraft  pro¬ 
vide  the  highest  potential  for  improvement  in  crash  survival  be¬ 
cause  more  Naval  personnel  are  involved  in  helicopter  crashes 
than  in  fixed-wing  crashes.  More  persons  are  injured  in  heli¬ 
copter  accidents  and  more  fatalities  occur  in  survivable  helicop¬ 
ter  accidents  than  in  fixed-wing  aircraft.  This  is  primarily  due 
to  the  lack  of  airborne  escape  systems  in  helicopters;  however, 
many  things  can  be  done  to  protect  the  occupants  in  the  event  of 
a  crash. 

A  great  majority  (nearly  80  percent)  of  the  fatalities  that 
occurred  in  survivable  Navy  helicopter  accidents  were  due  to 
causes  other  than  impact  forces  exceeding  human  tolerance.  Half 
of  these  fatalities  were  due  either  to  drowning  or  loss  at  sea 
and  nearly  one-fourth  were  due  to  fire.  There  are  two  main  fac¬ 
tors  which  contribute  to  the  large  number  of  helicopter  drown- 
ings .  The  first  is  the  number  of  head,  leg,  and  arm  injuries 
which  are  caused  by  impact  with  strike  zone  objects  and  leave  the 
occupant  unable  to  rapidly  egress  the  aircraft.  The  second 
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factor  is  the  tendency  of  helicopters  to  roll  in  water  as  soon  as 
the  rotor  blades  have  stopped  turning.  In  an  inverted  helicop¬ 
ter,  escape  hatches  are  hard  to  find  and  hard  to  dive  through 
because  of  the  buoyancy _of  some  present  life  vests  even  when  they 
are  uninflated.  Minor  injuries  also  cause  many  of  the  thermal 
fatalities  by  slowing  the  egress  of  the  occupants,  but  the  major 
factor  is  the  lack  of  crashworthy  fuel  systems  in  these  aircraft. 

Navy,  Army,  and  Air  Force  injury  patterns  all  reveal  a  prev¬ 
alence  of  head,  arm,  and  leg  injuries,  indicating  a  need  for  im¬ 
provement  of  the  state  of  the  art  in  restraint  systems,  helmets, 
and  padding..  Improvement  in  seat  retention  is  also  important 
because  many  times  this  is  the  weak  link  in  the  tiedown  chain, 
especially  in  accidents  involving  at  least  a  moderate  longitu¬ 
dinal  velocity  component.  The  results  of  this  study  indicate 
that  there  is  a  higher  incidence  of  leg  injuri.es  in  Naval  air¬ 
craft  crashes  than  in  Army  and  Air  Force  crashes.  This  is 
partially  caused  by  present  restraint  systems  which  provide  no 
motion  restriction  for  the  legs  and  partially  because  seats  come 
loose  and  allow  the  occupant's  legs  to  come  in  contact  with 
aircraft  structure.  Rudder  pedals  also  cause  many  injuries  to 
the  legs  and  feet  of  pilots. 

Rotor  blade  strikes  arid  transmission  intrusion  into  occu- 
piable  space  account  for  fewer  injuries  and  fatalities  in  Naval 
aircraft  than  in  Army  aircraft.  This  is  especially  true  in  the 
newer  aircraft  procured  to  the  more  stringest  Navy  specifica¬ 
tions.  Survivability  in  general  is  better  in  these  newer  Navy 
helicopters.  Several  of_the  H-46  and  H-53  accidents  were  sur- 
vivable  with  estimated  impact  velocities  which  fell  into  a  region 
previously  considered  unsurvi vable .  Also,  the  location  of  the 
accident  has  a  great  effect  on  its  survivability.  Accidents 
which  occurred  on  flight  decks  or  runways  had  the  lowest  rates 
of  fatalities  per  accident  for  attack,  fighter,  helicopter,  and 
cargo  aircraft.  This  is  partly  due  to  the  fact  that  many  of 
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these  accidents  were  less  severe  than  others  since  they  were  nor¬ 
mally  take-off  and  landing  accidents  at  correspondingly  lower 
speeds  and  impact  angles.  The  low  rates  are  also  due  to  the 
proximity  of  rescue  and  fire-fighting  crews  as  well  as  immedi¬ 
ate  medical  attention.  Accidents  in  which  the  aircraft  impact¬ 
ed  water  or  trees  were  the  most  likely  to  produce  fatalities. 

The  high  energy  content  of  a  crashing  jet  aircraft  results 
in  most  severe  crashes  being  non-survivable.  The  occupants  are 
placed  in  front  of  the  great  majority  of  the  mass  with  virtually 
no  crushable  material  in  front  of  them.  Consequently,  ejection 
seats  are  the  most  feasible  means  of  saving  lives  when  an 
accident  becomes  inevitable  in  a  high-performance  jet  aircraft. 

In  patrol  and  transport  aircraft  accidents,  occupants  who 
are  helmeted,  restrained,  md  seated  in  rear  facing  seats  in  the 
aft  portion  of  the  aircraft  are  more  likely  to  survive.  In  one 
particular  EC-121M  accident  studied,  all  survivors  were  in  rear 
facing  seats.  A  rear  facing  seat  provides  the  best  load  distri¬ 
bution  for  the  impact  forces  of  a  longitudinal  crash. 

The  final  conclusion  is  that  research  of  this  type,  which 
points  out  the  existing  problems  relating  to  crash  survivability 
and  structural  performance  of  present  day  aircraft,  will  lead  to 
more  crashworthy  aircraft  in  the  future.  More  crashworthy  air¬ 
craft  will  lead  to  a  savings  in  lives  and  the  money  invested  in 
training  of  the  personnel. 
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RECOMMENDATIONS 


On  the  basis  of  the  findings  of  this  report,  the  following 
recommendations  are  made: 

•  To  generate  and  collect  data  essential  to  crashworthy 
design  refinement,  the  present  Navy  Aircraft  Accident 
Report  form  should  be  revised  to  include  specific  re¬ 
quests  for  impact  variables  and  structural  deformation 
data. 

•  To  reduce  the  injury  potential  of  Naval  helicopters, 
these  aircraft  should  be  analyzed  to  establish  needed 
changes  in  component  locations,  seat  and  restraint  sys¬ 
tem  design  and  tie-down,  application  of  padding,  and 
helmets . 

«  To  extend  emergency  egress  time,  provisions  should  be 
made  for  the  implementation  of  crashworthy  fuel  sys¬ 
tems  for  ail  aircraft  and  for  temporary  flotation  capa¬ 
bilities  and  anti-roll  stability  for  helicopters 
involved  ir.  over- water  flight. 

•  To  generally  upgrade  crashworthiness  of  the  aircraft, 
improvement  should  be  made  in  cargo  ire-daw;,  provisions, 
instrument  mountings,  and  ancillary  equipment  installa¬ 
tions. 

•  To  encourage  the  use  of  safetv  equipment  such  as  re¬ 
straint  systems  and  helmets,  the  equipment  should  be 
designed  with  special  care  to  ensure  that  the  resulting 
item  is  easy  to  use  and  coos  fort  able . 

e  To  improve  survivability  in  aircraft  not  procured  to  Navy 
specifications,  the  Navy  should  insist  that  the 
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manufacturers  reinforce  key  components,  such  as  trans¬ 
mission  and  engine  mounts,  to  meet  the  Navy  specifica¬ 
tions. 

•  To  inprove  survivability  in  future  aircraft,  special 
care  should  be  taken  in  the  design  stages  for  the  pro¬ 
vision  of  energy-absorbing  structure  below,  to  the  side, 
and  forward  of  the  occupant  coiqpartments . 

•  To  continue  the  progress  made  in  this  study,  more  re¬ 
search  should  be  done  in  the  future,  hopefully  with 
more  complete  information  provided  by  an  improved  Air¬ 
craft  Accident  Report  Form. 
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